Surgical dislocation of the hip in the treatment of acetabular fractures allows the femoral head to be safely displaced from the acetabulum. This permits full intra-articular acetabular and femoral inspection for the evaluation and potential treatment of cartilage lesions of the labrum and femoral head, reduction of the fracture under direct vision and avoidance of intra-articular penetration with hardware. We report 60 patients with selected types of acetabular fracture who were treated using this approach. Six were lost to follow-up and the remaining 54 were available for clinical and radiological review at a mean follow-up of 4.4 years (2 to 9).
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typically for posterior-wall or column fractures and for most fractures with a transverse component. Letournel and Judet 2 used this approach in nearly 40% of the acetabular fractures in their series. Despite the apparently straightforward nature of these fracture patterns an unfavourable outcome has been reported in up to 32% of cases which is substantially higher than that in more complex configurations of acetabular fractures. 3 Many factors may contribute to the high percentage of cases with an unsatisfactory outcome including the quality of reduction, the pattern of the fracture, the degree of comminution, marginal impaction, retained intra-articular fragments, associated fractures of the femoral head, extension of the fracture into the acetabular dome and inadvertent intra-articular penetration by the fixation. [4] [5] [6] [7] [8] A major limitation of the Kocher-Langenbeck approach is the limited access to the entire acetabulum and the femoral head. In cranially extended posterior-wall fractures or in displaced transverse fractures, this may necessitate extended or combined surgical approaches or sometimes an additional posterior-wall osteotomy. 9, 10 In patients with associated fractures of the femoral head, the inability to access the femoral head fully may prove to be a serious limitation. 11 The proportion of elderly patients presenting with an acetabular fracture is increasing 12 and the higher incidence of poor results in older patients had led some to suggest that those over 50 years of age with comminution of the posterior wall and marginal impaction should be considered for a primary total hip replacement (THR). 5 Others have, however, recently reported that anatomical reduction may not be necessary to attain a good functional outcome in the elderly. 13 Surgical dislocation of the hip has been welldescribed and documented, and is emerging as a method for addressing the above issues. 9, 14, 15 The procedure involves a digastric trochanteric flip osteotomy and full surgical dislocation of the femoral head without any risk of avascular necrosis of the femoral head when performed correctly. 16 This allows a full view of the acetabulum to be obtained so that the adequacy of the reduction of an intra-articular fracture can be judged. It also avoids further devascularisation of the fragments of the acetabular wall which remain attached to the capsule. 14, 17 Furthermore, it provides limited access for reduction of the anterior column with visual control of the extra-articular placement of long column screws. Preliminary results of this technique applied to a small series of acetabular fractures have been promising. 9, 14 Our aims therefore were to evaluate the safety and potential complications related to this surgical approach in a larger series of patients, to describe and quantify the intra-articular damage to the acetabular and femoral cartilage which was only possible by adopting this surgical approach, to evaluate the mid-term functional and radiological results of acetabular fractures treated by surgical dislocation of the hip with special attention directed towards the viability of the femoral head in comparison with the previous reports in the literature and to identify factors associated with a poor outcome.
Patients and Methods
Our study was approved by the local institutional review board. We carried out a retrospective view of 200 consecutive hips which had undergone open reduction and internal fixation (ORIF) of any type of acetabular fracture between May 1995 and December 2004 at the senior author's (KAS) institution. From this we identified all the patients who had surgical dislocation of the hip as a single approach for fixation of an acetabular fracture, with a minimum follow-up of two years after fixation or an obvious poor result evident earlier than two years. Acetabular fractures which had been managed by other surgical approaches or combined approaches were excluded (Table I) leaving 60 fractures for evaluation.
Patients were either directly admitted through the emergency department of our hospital, a level-I trauma centre or referred from another institution after initial emergency immobilisation. After resuscitation, stabilisation and neurological examination, anteroposterior pelvic radiographs were assessed. In all, 39 patients (65.0%) presenting with associated dislocation of the hip underwent emergency closed reduction under anaesthesia. The reduction was documented radiologically. One patient with an irreducible dislocation was treated by immediate ORIF. A complete radiological evaluation generally consisted of two additional 45° oblique views according to Judet, Judet and Letournel 18 and CT. All the fractures were categorised according to the classification of Letournel and Judet. 2 Details of the patients are given in Table II . All the fractures were fixed within 13 days of injury. Operative technique. The indications, either singly or combined, for using surgical dislocation of the hip were as follows: 1) marginal impaction fractures in 21 hips (35.0%), 2) comminution of the posterior wall with three or more fragments in 26 (43.3%), 3) the presence of intra-articular fragments in 30 (50.0%), 4) involvement of the anteroposterior acetabular rim in eight (13.3%), 5) to obtain adequate reduction of an anterior-column fracture and/or extra-articular placement of an anterior-column screw in 11 (18.3%) and 6) associated fractures of the femoral head in eight (13.3%). The reliability of the radiological diagnosis of several of these features has been demonstrated previously. 19 The technique of surgical dislocation of the hip for joint debridement and reduction of acetabular fractures has been *THR, total hip replacement described before. 14, 16 Briefly, a Kocher-Langenbeck skin incision is used and gluteus maximus is split. After identification of the posterior border of gluteus medius and vastus lateralis a digastric trochanteric osteotomy is performed. The deep branch of the medial femoral circumflex artery crosses posterior to the tendon of obturator externus and runs cranially, anterior to the remaining external rotator muscles and is protected during the trochanteric osteotomy and subsequent approach. The interval between the postero-inferior border of gluteus minimus and the cranial border of piriformis and its tendon is developed for exposure of the joint capsule. In patients with an intact joint capsule, a Z-shaped capsulotomy is performed and the femoral head dislocated posterosuperiorly. A modification of the capsulotomy is often necessary in the presence of posterior-wall fragments in order to preserve the remaining capsular attachments to the wall fragments. For dislocation, the round ligament, if not already torn traumatically, is transected to allow complete dislocation.
Intra-operatively, the status of the cartilage of the acetabulum and femoral head was observed and documented according to the classification of Disler et al 20 (Table III) . Labral avulsions were recorded. If deemed to be feasible, the unstable labrum was reattached to the acetabular rim by bone anchors (G II Titanium Anchor; DePuy Mitek, Norwood, Massachusetts), otherwise it was resected. The location of damage to the acetabular cartilage and labral avulsions was documented on a diagram of the acetabulum which was divided into 12 sectors as in a clock face, six o'clock being located in the middle of the tear-drop. The location of cartilage lesions of the femoral head were assigned to one of eight sectors of a sphere (Fig. 1) . Pipkin fractures were reduced and stabilised with the femoral head dislocated and under direct visual control as previously described. 21 The presence of an intact blood supply to the femoral head was confirmed by the drilling of a 2 mm hole in the femoral head with the visual confirmation of pulsatile blood flow within this area. 22 In general, the reduction and fixation of the fractures differed in a few points compared with those of the classic approaches. Traction, in the axial or lateral direction, is usually applied manually through a Schanz screw inserted into the subtrochanteric area since the orthopaedic table was not used for this approach. For transverse fractures, the following reduction techniques are used with or without the femoral head in place: levering with retractors or a bone hook, the use of pointed reduction clamps, the two-screw technique 23 with Farabeuf or Jungbluth clamps, or traction through a Schanz screw in the ischial tuberosity. If needed, additional access to the retroacetabular surface is possible if the short external rotators and piriformis are detached from the posterior aspect of the proximal femur. Impacted acetabular fragments can be accessed directly from the acetabulum. The access also facilitates clearance of intra-articular blood clots or debris which would impair reduction. One or two lag screws can be used for temporary fixation to permit assessment of the quality of reduction while the femoral head is dislocated. The positioning and fixation of supplementary reconstruction plates does not differ from the principles of Letournel's and Judet. In contrast to the classic Kocher-Langenbeck approach, surgical dislocation of the hip offers visualisation of the entire anterior wall and parts of the anterior column. However, reduction of an additional anterior-column fracture is generally more difficult. It can be facilitated by the use of a bone hook, an elevator, additional retractors in the iliopectineal bursa or the tear-drop or reduction clamps from the supra-acetabular region to the anterior horn of the acetabulum. Fixation of the anterior column is typically performed with lag screws from the posterior aspect of the innominate bone along the column with the head in situ or dislocated. However, confirmation that the screw has not violated the articular surface is confirmed by repeated dislocation of the femoral head. While the head is dislocated, the femoral head-neck junction is inspected. If a problem with the femoral head-neck offset was detected which impeded an impingement-free range of movement after fixation of the acetabular fracture, osteoplasty of the neck of the femoral head was performed. This was undertaken to reduce the likelihood of additional chondrolabral damage because of cam impingement. 24 The choice of approach was independent of the individual femoral morphology. If an approach, other than surgical hip dislocation, was expected to facilitate an accurate reduction, then it was chosen e.g. an ilioinguinal approach. Post-operative rehabilitation. Intravenous antibiotic prophylaxis was provided by the administration of 1.5 g of cefuroxime three times daily for a minimum of two postoperative days or until the closed suction drains were removed. Prophylactic medication against heterotopic ossification was not routinely prescribed. Depending on the surgeon's preference, indometacin was given in a dosage of 25 mg three times daily or as a single dose of 75 mg per day for three weeks if extensive muscle damage was evident in the gemelli, obturator internus, piriformis and the inferior portions of gluteus minimus.
14 As anti-thrombotic prophylaxis, self-administered subcutaneous low-molecularweight heparin in a body-weight-dependent dosage was provided daily until the patient was mobile. Unless restricted by relevant co-morbidities, patients were allowed toe-touch weight-bearing for the first eight weeks before proceeding to full weight-bearing after radiological evidence of healing of the greater trochanter was seen. Clinical evaluation. After discharge from the hospital, the patients were usually reviewed clinically and radiologically at eight weeks, three and six months, at one year after surgery and if possible annually thereafter. Six of the 60 patients were lost to follow-up. The mean follow-up of the remaining 54 hips was 4.4 years (2.0 to 9.9) and at the most recent examination, the functional outcome was evaluated using a modified Merle d'Aubigné and Postel grading system, 25 adapted by Matta. 26 The final score was interpreted as excellent (18 points), very good (17 points), good (15 or 16 points), fair (13 or 14 points), or poor (< 13 points). In addition, the patients were clinically evaluated for abduction power according to the Medical Research Council (MRC) grading system for muscle strength.
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Radiological evaluation. Generally, the three standard radiographs of the pelvis were performed post-operatively to assess the adequacy reduction of the fracture. In eight patients (13.3%), additional post-operative CT of the pelvis was performed. Reduction was judged by two observers (AK, JNP) in consensus by measuring the displacement of the subchondral bone according to the method of Matta and Merritt 28 by intra-operative assessment of the open joint, and/or postoperative CT (Table III) . At the latest follow-up examination, separate radiological grades specifically developed for acetabular fractures were assigned for quantification of osteoarthritis according to Matta (Table III) . 26 Heterotopic ossification if noted was classified according to Brooker et al.
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Failure analysis. A series of clinical, radiological and surgery-related parameters were evaluated as predictors of a poor outcome (Table IV) . Failure was defined as either eventual prosthetic replacement of the hip, a modified Merle d'Aubigné score of less than 14 (fair or poor), or radiological progression of osteoarthritis during follow-up.
7
Statistical analysis. The normal distribution of all continuous parameters was tested by the Kolmogorov-Smirnov test. In order to detect differences between labral and chondral lesions, the unpaired Kolmogorov-Smirnov test, was used. Cumulative eight-year survivorship of the hips was calculated according to the method of Kaplan and Meier 30 with the 95% confidence intervals (CI). Differences between the survivorship of different fracture patterns were calculated using the log-rank test. The Cox proportional hazards model was used to detect factors predicting poor outcome and to calculate the corresponding hazard ratio. Statistics were analysed using Winstat (R. Fitch Software, Bad Krozingen, Germany). The level of significance was set at a p-value ≤ 0.05.
Results
Intra-operative. The mean duration of the operation was 3.4 hours (1.5 to 7). The mean blood loss was 1556 ml (500 to 3400). In all patients with a traumatic dislocation, the round ligament was partially or completely torn. The status of the acetabular labrum and cartilage was reported in 41 hips (68.3%) of which 21 had a labral lesion. In 12 of these hips with a labral lesion a traumatic dislocation had occurred. A labral repair was performed in four patients. The labral tears were normally distributed (KolmogorovSmirnov-test, p = 0.32) and were most often located in the posterior aspect of the acetabulum at a mean value of 9.8 o'clock (6 to 4, Fig. 2 ).
In the 41 hips with documentation of the acetabular damage, ten had a lesion in the acetabular cartilage. There was a normal distribution (Kolmogorov-Smirnov-test, p = 0.53) with a mean value of 12.2 o'clock (7 to 5 o'clock) which differed significantly from the distribution of labral lesions (ttest, p < 0.001, Fig. 2 ). There were six hips with a grade-1 lesion, one with a grade-2, and three with a grade-3.
The status of the cartilage of the femoral head was reported to be pathological in 44 hips (73.3%). The most frequently affected sector was the medial anterosuperior quadrant (31 hips, 70.5%, Fig. 1 ). Four hips had no cartilaginous lesion (grade 0), seven had grade-1, eight grade-2, 18 grade-3 and seven grade-4.
In 11 of the 60 hips, an osteoplasty of the femoral head was additionally performed as a result of the surgeon's assessment of an inadequate offset at the femoral head-neck junction.
The integrity of the blood supply of the femoral head was confirmed by drilling in all but two patients. One of these had sustained a combined posterior-column and posteriorwall fracture dislocation and was transferred seven days after injury with the hip still dislocated despite the previous application of skeletal traction. Unfortunately, this patient was lost to follow-up. The second patient had sustained a posterior transverse fracture dislocation with an associated fracture of the femoral neck. During surgical dislocation, the vascular bundle of the medial circumflex artery adjacent to the posterior aspect of the femur was intact as was the retinaculum at the posterosuperior head-neck junction. However, there was no intra-operative bleeding after drilling of the femoral head. The preserved integrity of the blood supply of the femoral head was demonstrated by angiography and 99m Tc methylene diphosphonate scintigraphy at one and six weeks post-operatively. Because of the loss of reduction of the fracture of the femoral neck, the patient underwent intertrochanteric valgus osteotomy eight weeks after the primary reconstruction. During repeat surgical dislocation, after reduction and fixation, the blood supply to the femoral head was confirmed by the visualisation of spontaneous bleeding within one or two drill holes in the femoral head and by documentation of pulsatile flow by laser Doppler flowmetry. 31 At the latest follow-up, 4.8 years post-operatively, there were no signs of avascular necrosis of the femoral head.
Complications. There were four surgically-related complications. These included one case of superior gluteal nerve palsy, one of fracture pseudarthrosis, one of loss of reduction of the fracture and one nonunion of the trochanteric osteotomy. The fracture pseudarthrosis occurred in a noncompliant patient with a transverse acetabular fracture who ignored weight-bearing restrictions and underwent Graph showing the distribution of acetabular labral and chondral lesions.
surgical revision six months after the primary procedure. The nonunion of the trochanteric osteotomy had occurred without cranial or anterior displacement. The patient's abductor strength remained full and the Merle d'Aubigné score was 17 at the last follow-up at 2.5 years. Accordingly, no further action was taken. None of the 54 patients available for review showed radiological evidence of avascular necrosis of the femoral head during follow-up. No patient suffered from an infection and no haematoma required evacuation. In one patient the perineurium of the sciatic nerve was iatrogenically damaged and was immediately sutured. The patient did not have any detectable sensory or motor deficit post-operatively. Clinical. The mean follow-up was 4.4 years (2.0 to 9.0). The clinical outcome of the 54 hips was graded as excellent in 22 (40.7%), very good in 14 (25.9%), good in eight (14.8%), fair in four (7.4%) and poor in six (11%) using the Matta modified system. 26 Of the ten patients who had a fair or poor result, four have since undergone THR. Two had moderate to severe heterotopic ossification, one of whom has had revision for excision of heterotopic ossifications, one had dehiscence of the fascia lata which required repair. One non-compliant patient previously described developed pseudarthrosis of the acetabulum, one had grade-3 abrasions of the entire ventral portion of the femoral head (sectors 1 to 4), and one with grade-2 lesions of the femoral head was referred for chronic pain clinic management since the radiographs did not demonstrate osteoarthritis and clinical examination was equivocal.
At the most recent follow-up, abductor strength was rated as MRC5 in 48 patients (88.9%) and as MRC4 in three. At follow-up, two of the eight patients with a traumatic injury to the sciatic nerve had a residual peroneal sensorimotor deficit. Only one of those required the use of additional aids. Radiological analysis. In 50 of the 54 hips (92.6%) the reduction was judged to be anatomical and in four it was satisfactory. At the latest follow-up, 32 (74.4%) of the 43 unrevised patients had an excellent result while seven (16.3%) had good and four (9.3%) fair results. There were no poor radiological results. According to the classification of Brooker et al 29 ossification was rated as grade 1 in seven patients (13%), grade 2 in five (9%), grade 3 in four (7%), and grade 4 in four patients (7%). Subsequent operations. A total of 11 patients had further operations (Table V) . The four conversions to a THR took place at 0.7, 1.3, 1.9 and 8.1 years after the initial surgery. All were performed for secondary osteoarthritis without evidence of avascular necrosis of the femoral head. In all but one of the remaining seven subsequent operations, the final modified Merle d'Aubigné score was rated at least as good. The only poor outcome after revision was found in the patient with pseudarthrosis who had undergone revision for nonunion of the fracture. Survival analysis. There were eight failures according to the definitions. These occurred in the four patients who had THR, three with a poor modified Merle d'Aubigné score, two of whom had radiological progression of the osteoarthritis, and one with minimally symptomatic radiological progression of osteoarthritis. The cumulative eight-year survivorship was 89.2% (95% CI 84.5 to 94.0; Fig. 3 ). There were no significant differences in terms of cumulative survivorship in the three most common fracture patterns (transverse vs posterior-wall fractures, log-rank test, p = 0.86, transverse vs associated transverse/posterior-wall fractures, log-rank test, p = 0.54 and posterior wall vs associated transverse/posterior-wall fractures, log-rank test, p = 0.34). Kaplan-Meier survivorship with endpoints defined as prosthetic replacement of the joint, a Merle d'Aubigné score of ≤ 14 (fair or poor result), or complete radiological loss of joint space within two years after surgery. The values are expressed as the cumulative survivorship with 95% confidence interval in parentheses for each two-year survival.
Predictors for poor outcome. Two significant predictors of an adverse outcome could be identified (Table IV) , namely, involvement of the acetabular dome (Hazard ratio 11.7, 95% CI 10.1 to 13.3, p = 0.003) and a lesion of the femoral cartilage > grade 2 (Hazard ratio 6.5, 95% CI 4.7 to 8.3, p = 0.044).
Discussion
In order to visualise the hip during a Kocher-Langenbeck approach distraction must be applied either manually or by external distraction. Some visualisation may be possible through the unreduced fragments and reduction can be performed indirectly using the femoral head as a template and attempting to elevate previously recognised impacted articular fragments during reconstruction.
Since 1995, we have used the digastric trochanteric flip osteotomy and surgical dislocation approach in the treatment of selected acetabular fractures. This approach has several advantages. By fully dislocating the femoral head in this manner the acetabulum and femoral head can be completely seen and proper evaluation can be made (Figs 4 to 6 ). Lesions to cartilage and the femoral head, labral pathology or pre-existing osteoarthritis are readily apparent and potentially treatable (Fig. 4) . Reduction of the fracture can be performed under direct vision and the placement of the fixation is monitored to avoid intra-articular penetration (Fig. 5) . In elderly patients the presence of pre-existing degenerative osteoarthritis and any associated fracture-related joint damage may allow an intra-operative decision to be made to proceed to THR. Our study represents the largest series with the longest follow-up of patients with an acetabular fracture treated by surgical dislocation of the hip. There was a low incidence of surgery-related complications with no cases of avascular necrosis of femoral head. The functional results were comparable with or superior to those previously reported in the literature (Table VI) . Two negative predictive factors for outcome were the involvement of the acetabular dome and lesions of the articular cartilage of the femoral head greater than grade 2.
We believe that this is the first study with a comprehensive quantification of the damage to the articular cartilage of the acetabulum and femoral head in acetabular fractures, which is only possible with surgical dislocation. This may explain why damage to the femoral head was not found to be a statistically significant negative prognostic factor in other studies. 5 Mostly, this damage was located in the medial anterosuperior sector of the femoral head and labral lesions were most commonly located postero-inferiorly. The pattern corresponded to the location of the reverse Hill-Sachs lesion in posterior shoulder dislocations in which the anterosuperior femoral head abuts the sharp acetabular fracture segment. In transverse fractures, the medial portion of the femoral head will approximate against the sharp edge of the stable cranial fragment. Of interest was the fact that the predominant location of labral lesions did not correlate exactly with that of acetabular cartilage. This may have been due to the fact that in transverse fractures the labral avulsion occurs in the stable superior fragment and not predominantly posteriorly. 32 Another explanation might be an uneven force distribution between the labrum and the articular cartilage.
In our series no cases of avascular necrosis were seen despite an overall rate of traumatic dislocation of 64%. Avascular necrosis is reported to be a major complication occurring in up to 47% of the patients with posterior dislocation of the hip. 33 The aetiology of avascular necrosis after fracture dislocation of the hip has been debated in the literature. The medial femoral circumflex artery may be disrupted during the primary displacement, at attempted closed reduction or may be injured iatrogenically at opera- Diagrams of the technique for internal fixation of the acetabular fracture seen in Figure 4 showing a) an intra-operative view during hip dislocation, b) the fragments aligned anatomically under direct visual control and c) fixation of the anterior column performed with direct visualisation. tion. In order to increase surgical exposure, some text-books recommend release of the short external rotators thus risking injury to the medial femoral circumflex artery adjacent to obturator externus as it courses toward the posterosuperior femoral neck. This may explain the higher incidence by 3.2 times of avascular necrosis in posterior approaches. 34 Another factor which may account for the discrepancy with the literature is that there may be overestimation of avascular necrosis on conventional follow-up radiographs since the end-stage appearance after collapse of the femoral head in avascular necrosis and secondary osteoarthritis, with wear of the femoral head due to mal-reduction, are similar, even although the preceding appearances are different (Fig. 7) .
The literature contains only a few reports in which surgical dislocation of the hip was chosen as the approach for the reduction and fixation of acetabular fractures. 9, 12, 13, 35 The presented fracture patterns and the preliminary results were similar to our study.
Limitations of this approach include the inability to apply constant traction with an orthopaedic table but this can be circumvented by using manual traction if necessary. Another limitation may be the adoption of the lateral decubitis position in fractures in which the anterior column is involved since the weight of the femur and the resulting medially directed force can lead to a more difficult reduction. We recognise our report lacks a control group since all the patients underwent surgical dislocation and we must rely on comparison with a historical control group in which fixation was performed without surgical dislocation.
With regards to incidental femoral head-neck osteoplasty, this particular pathomorphology of the femur predisposes the hip to cam-type femoroacetabular impingement which is considered to predispose to arthritic damage of the joint. 23 Since these deformities were already present at the time of the initial surgery, they correspond more to the nonprogressive osteophytes described by Letournel and Judet. 2 Only one patient in our series developed secondary femoroacetabular impingement (Table V) . This patient with a posterior hip dislocation had ossification at the anterior femoral head-neck junction in the zone of previous substan- Radiographs of a 33-year-old man showing a) associated transverse and posterior-wall fracture and subsequent secondary arthritis, b) an imperfect post-operative reduction, c) secondary wear of the cartilage with joint-space narrowing without deformity of the femoral head two months later, d) at five months after the operation, complete loss of the joint space and e) secondary wear of the femoral head after 1.5 years. tial cartilage abrasions. We accept our data do not prove that any osteoplasty had a beneficial effect. In summary, we have shown that surgical dislocation of the hip is a safe option in the management of these difficult injuries.
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